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The location of a putter’s center of mass (CM), relative to the golfer applied forces,
and the mass distribution about the CM influences putting performance. It has been
shown that positioning the CM in the toe direction of the putter increases the golfer
applied torque about the shaft, increases shaft twist angular velocity, and tends to
leave the face more open at impact [1]. There is no published research on the influence
of positioning the CM towards the back of the putter, which can be accomplished by
designing a bend in the bottom portion of the shaft that offsets the head (see inset
images in Figure 1(a)). Therefore, the purpose of this study was to understand the
influence of 1.5” of putter shaft offset on performance.
Twenty-nine right-handed golfers covering a range of abilities gave informed consent
and executed putts with a standard and offset putter (Table 1). Participants executed
a total of 48 putts during a single testing session in which they were first fit for putter
length and lie. University research ethics board approval was granted.
There were 3 different putts each with different starting locations and ending hole
locations on an indoor green. There was a nominally flat and straight 8 foot putt. There
was a nominally flat 11 foot putt that called for an initial horizontal launch that was
just outside the right edge of the hole. The third putt used a hole on top of a ramp that
required a ball speed similar to what would be used on a flat 30 ft putt. Putters were
swapped out every 8 attempts and the green was swept after 4 putts. Odd numbered
participants started with the standard putter, while even numbered started with the
offset. The motion of the golfer, putter, and ball were tracked at 250 Hz using an 11
camera optical system. Paired t-tests were used to compare the effects of the two
levels of putter model on specific dependent variables (α < .05).
Table 1. Inertial properties of the standard (stand) and offset putter
Offset Mass
(in)
(kg)
0
1.5

cmxg
(m)

cmyg
(m)

cmzg
(m)

0.5577 -0.0055 0.0003 -0.6546
0.5588 -0.0145 0.0003 -0.6539

Icmxx
kg m2

Icmyy
kg m2

Icmzz
kg m2

Icmxy
kg m2

Icmyz
kg m2

Icmzx
kg m2

0.05204 0.05174 0.00041 0.000003 -0.000186 -0.00061
0.05206 0.05181 0.00045 0.000003 -0.000184 -0.00159

cm-center of mass; g-grip reference frame; cm location is measured from butt of grip
z-axis parallel to shaft and pointing up ; x-axis towards target at address; y-axis formed with right
hand rule
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Figure 1. (a) Ball vertical launch direction (b) Ball horizontal launch direction (c) Maximum rate
of face angle closing (d) Angular impulse applied about the long axis of the grip by the golfer
during the downswing. These are average values across all participants and putts. Error bars
represent 95% within-subject confidence intervals. P is p-value from t-test.

On average, the ball launched significantly higher with the offset putter (2.54°) relative
to the standard putter (2.11°), (P<.001, d=.28) (Figure (1(a)). This was primarily the
result of significant differences in delivered loft at impact, which stemmed from
significant differences in shaft lean that persisted from address to impact. On average,
the ball launched significantly further to the right with standard putter (0.79°) relative
to the offset putter (0.62°), (P=.041, d=.25) (Figure (1(b)). This was primarily the result
of the face angle at impact being significantly more open for the standard putter
(0.95°) relative to the offset (.67°), which originated from the face orientation at
address. The maximum angular velocity of the putter about the shaft, during the
forward stroke, was significantly higher for the standard putter (55.2 °/s) relative to
the offset (53.3°/s) (P=.039, d=.13) (Figure (1(c)). The angular impulse applied about
the long axis of the grip by the golfer during the downswing was significantly higher
with the standard putter (0.65 N•mm/s) relative to the offset putter (0.53 N•mm/s) ,
(P<.001, d=.29) (Figure (1(d)).
It appears that differences in putter orientation at address were associated with
differing kinematics at impact. The differences at address could be due to either visual
or haptic differences between the models. This information could be used in a putter
fitting environment to correct for systematic biasis. The differing inertial properties
were the likely the cause of noted differences in golfer applied torque.
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